Hops in general give beer the bitterness; and the hop aroma and bouquet are due to the esters of the hop essential oil. The hop essential oils give hops the characteristic smell and provide flavor and aroma to beer. The content and chemical profile of hop essential oil varies greatly depending on variety 9 , geographical location, harvest timing and cultivation factors 10, 11 , duration and conditions of storage 12 . On the other hand, gas chromatographic GC analysis of hops essential oil is used as a tool for identification of hop varieties 13, 14 . The essential oil along with other secondary metabolites is formed in special structures glandular trichomes, specialized epidermal cells of the external system of the lupulin glands. The lupulin glands are part of the female flower also known as hop cones and are fully formed on the hop cones by end of the ripening season. Essential oil content in hops varies from 0.5 to 3 , and losses of essential oil due to resinification and oxidation while in storage even at 0 can reach up to 30 or more depending on duration of storage 15 .
Essential oil from hops appeared to have attracted interest for almost two centuries, the first record of studies with hops essential oil dated from 1822 16 . The hop essential oil contains numerous aromatic compounds. According to recent reports, the number of identified and actually present compounds in the hop essential oil ranges from 485 to up 1000 9, 17, 18 . The antimicrobial effects of hop compounds have been demonstrated against Gram-positive cocci, parasites, several fungi and protozoa, which is linked to α-and β-acids or bitter acids activity 19 21 . Beta acids possessed the inhibitory effect on foodborne pathogens as Listeria monocytogenes 22 . It is assumed that iso-α-acids and α-acids products penetrate the cell wall and plasma membrane and cause intracellular acidification that affect the enzymatic activity and the intake of nutrients 23 .
Langezaal et al. 24 found that essential oils of 11 hop cultivars, a hop variety and a wild type showed good activity against Gram positive bacteria Bacillus subtilis and Staphylococcus aureus, and the fungus Trichophyton mentagrophytes var. interdigitale but no activity against the Gram negative bacteria Escherichia coli and the yeast Candida albicans.
In the early 80 s Sharpe and Laws 15 reviewed the available literature on hops essential oil and classified hop oil components into hydrocarbon components, oxygenated components, and sulfur-containing components. The hydrocarbons in hop oil were further classified into aliphatic hydrocarbons, monoterpenes subdivided into acyclic myrcene, β-ocimene , monocyclic limonene, ρ-cymene, α-phellandrene, β-phellandrene , and bicyclic α-pinene, β-pinene, and sabinene , and sesquiterpenes subdivided into acyclic farnesene , monocyclic germacrene B, germacrene D, and humulene , bicyclic γ-cadinene, δ-cadinene, α-cadinene , and tricyclic 15 . The monoterpenes α-pinene, β-pinene, myrcene, and limonene and the sesquiterpenes α-humulene, farnesene, caryophyllene, muurolene, and selinene represent up to 80 of total oil 4 .
The oxygenated components, a combination of terpene alcohols, aldehydes, acids, ketones, epoxides, and esters, are approximately 30 of the total oil and are formed during ripening, processing, and storage 4 . Linalool, geraniol, caryophyllene oxide, farnesol, α-terpeniol, carvone are components from the oxygenated fraction among many others 15 . The sulfur-containing fraction, consisting of thioesters, straight chain sulfides, and cyclic terpenoid sulfides, represents only up to 1 of the total oil 15 .
Researchers have studied the relationship between hops essential oil composition and hop character in beer 25 . The composition of hop oil and available methods for imparting hop character to beer, distillation techniques and conditions for essential oil extraction was discussed in a comprehensive review of literature published up to 1979 15 . The common method for extraction of essential oil from hops is the steam distillation method and the procedure usually takes 4 hours 26 28 . A brief overview and comparison of other extraction methods currently used for the isolation of volatile and nonvolatile compounds of hops, including essential oils was also provided 28 . The sequential elution of hop components by removing the extract at intervals during an extraction with liquid carbon dioxide at 8 for 11.0 hours using an extractor column packed with milled hop pellets was also investigated 29 . The resulting extracts contained α-acids, β-acids, and hop oil with earlier fractions containing over 78 of the available essential oil. Burkhardt and Haas 30 determined essential oil of hops by hydro-distilling ground and unground lupulin for 7 hours and measured the quantity of distillate at 30-min intervals. The authors examined the effect of ground and unground samples for distillation; and temperature and duration of storage on oil yield. Green and Osborne 31 proposed rapid methods for obtaining essential oil from hops to be used for variety identification. The authors studied the effect of distillation times DT , varying from 0.5 to 3 hours, on the composition of hop oil and found that oils collected at the shorter DT had higher myrcene and lower caryophyllene, farnesene, humulene, and selinene amounts than the oils collected at the longer DT. A probable explanation is that as distillation progresses, essential oil compounds are eluted at different rates. We hypothesized that compound mixtures eluted sequentially and captured at different
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timeframes would have differential profile and may therefore have differential bioactivity. The objective of the current study was to investigate the sequential elution of essential oil compounds during steam distillation of whole hop cones and study their bioactivity.
MATERIALS AND METHODS
2.1 Plant material, steam distillation, and distillation times DT This distillation study experiment was conducted in April 2016 at Oregon State University with whole dry cones wdc of hop Santiam , certified salmon safe packed in aluminum foil bag and kept in a freezer until used . The set up used for the steam extraction of the essential oil was described previously 32 . The sample size of wdc used for the extraction was 150 g, in three replicates. The total distillation time was 240 min and the essential oil was collected sequentially at 8 distillation time DT intervals: 0-2, 2-5, 5-10, 10-30, 30-60, 60-120, 120-180, and 180-240 min. Therefore, the fractions collected correspond to the fractions eluted in the following times after the start of the distillation process: 0-2, 2-5, 5-10, 10-30, 30-60, 60-120, 120-180, 180-240 min. The start of distillation was described in Cannon et al. 33 . All of the essential oil accumulated during each time interval was removed from the separator. The control was a separate set of steam distillation a 150 g whole dry cones sample, in three replicates carried out straight for 240 min, where the essential oil was accumulating in the separator for 240 min, and was removed from the separator at the end of the 240 min. The separation of essential oil from water and calculation of essential oil content were done as described previously 33, 34 .
Gas chromatography GC analysis of essential oil
A Hewlett Packard gas chromatograph GC, Hewlett Packard model 6890, Hewlett-Packard, Palo Alto, CA, USA was used for the analyses of the essential oil samples collected at the 8 distillation time intervals and the control distillation. The procedure for the GC analysis was described in Shiwakoti et al. 35 . Briefly, the GC instrument had a GC column HPINNOWAX cross-linked PEG; 30 m 0.32 mm 0.5 μm and an auto sampler. The program was as follows: the FID detector temperature 275 , the carrier gas was helium 40 cm/sec, 11.7 psi 60 , 2.5 mL/min constant flow rate; injection: split 60:1, 0.5 μL, inlet 220 ; oven temperature program: 60 for 1 min, 10 /min to 250
. The identification of the compounds in hops essential oil fractions was made by GC-MS, and by comparison of mass spectra with the values reported in the mass spectral database of the National Institute of Standards and Technology https://www.nist.gov/ .
Antimicrobial activity of hops essential oil fractions
Two separate antimicrobial activity testings of hop essential oil fractions were done.
First antimicrobial testing
The first antimicrobial testing of the hop essential oil fractions was performed at the USDA National Center for Natural Products Research NCNPR , University, MS, U. S.A. In the primary screening for antimicrobial activity, the hop essential oil fractions were tested for activity against Leishmania donovani promastigote, amastigote, and amastiote/THP forms, and Trypanosoma at a concentration of 20 μg/mL, and inhibition was calculated following previously published method 36 . The diluted extracts and fractions were subjected to Trypanosoma brucei trypamastigotes assay. Alamar Blue assay was performed as described previously 37 
Antibiotic susceptibility testing
The antibiotic susceptibility was detected with disc diffusion method. The tetracycline 10 mcg , and chloramphenicol 10 mcg Oxoid, UK were used in antimicrobial susceptibility testing. The results were evaluated according to the 2015 European Committee on Antimicrobial Susceptibility Testing EUCAST guidelines.
Antimicrobial activity -Disc diffusion method
The agar disc diffusion method for antimicrobial activity testing of the EOs was applied. A 0.1 mL of suspension of the bacterial culture was transferred onto Mueller Hinton agar MHA, Oxoid, Basingstoke, UK . Filter paper discs of 6 mm were covered with 15 μL of the EO and put on the inoculated plates. Inoculated MHA agars were incubated at 37 for 24 h. The inhibition zones were detected and all of the tests were made in three internal replicates. 2.3.6 Antimicrobial activity -Minimal inhibition concentration Broth microdilution susceptibility test for detection of the minimum inhibitory concentration MIC was used. Tested bacterial strain was suspended in Mueller Hinton Broth Oxoid, Basingstoke, UK and suspension was used for testing. The EO solution was prepared for testing in dimethyl sulphoxide DMSO, Penta, Prague, Czech Republic . A 96-well microtitre plate was used for preparation of the geometric dilutions from 0.78 to 200 μg/mL of the EO, including one well for growth suspension of MHB and Tween 80 and one well for sterility control suspension of MHB, Tween 80 and EO . The microtiter plates were incubated at 37 for 24 h.
The microbial growth inhibition was measured by the detection of the well absorbance at 450 nm in amicroplate reader Biotek Instruments, USA . The differences between the measurements of bacterial growth before and after testing were evaluated as growth. Measurement error was accounted a value of 0.05 from absorbance. The experiment was repeated in eight internal replicates.
Statistical analyses
Eight distillation times plus a control distillation time DT were compared in terms of the average EO content , and the concentration and yield mg of myrcene, linalool, β-caryophyllene, β-copaene, α-bergamotene, β-farnesene, α-humulene, γ-muurolene, β-selinene, α-selinene, γ-cadinene, δ-cadinene, caryophyllene oxide, and humulene epoxide II, τ-cadinol, and 6-pentadecen-2-one; antimicrobial E. coli, P. aeruginosa, S. enterica, Se. rubidaea, Y. enterocolitica, B. cereus, C. perfringens, E. faecalis, S. aureus, and S. pneumoniae activities; and inhibition activity Bacillus cereus CCM 2010 using a single factor ANOVA. Normal probability plot of the residuals was used to confirm the validity of normal distribution assumption on the error terms 38 . The validity of constant variance assumption on the error terms was con- 
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firmed by examining plot of the residuals vs. fitted values; and the validity of the independence assumption was ensured through randomization of the experimental runs 38 .
Duncan s multiple range test at the 5 level of significance was conducted to do multiple means comparison and generate letter groupings when the effect of DT was marginally significant 0.05 p-value 0.1 or significant p-value 0.05 . The statistical analysis was conducted using the GLM Procedure of SAS 39 .
The Exponential decay model Eq. 1 , which is a nonlinear regression model, was used to describe the relationships between DT and the concentration as well as the yield of myrcene Fig. 1 . The Asymptotic model Eq. 2 , which is also a nonlinear regression model, was used to model the relationships between DT and the concentrations of β-caryophyllene and α-humulene Fig. 2 . The Power model Eq. 3 , another nonlinear regression model, was used to model the relationships between DT and the concentrations of α-bergamotene, γ-muurolene, β-selinene, α-selinene, γ-cadinene, and δ-cadinene Fig. 3 . There was no regression model that can be used to model the relationships between distillation time and the other Fig. 3 Plot of distillation time DT vs the concentrations of α-bergamotene, γ-muurolene, β-selinene, α-selinene, γ-cadinene, and δ-cadinene along with the fitted solid line power nonlinear regression model.
response variables. The model parameters were estimated using the NLIN Procedure of SAS 39 and the fitted models met all model adequacy requirements 40 . The functional forms of these models are:
Where Y represents the dependent response variable, X represents the independent distillation time variable, and the error term ε is assumed to be distributed normally and to have a constant variance. Validity of these model assumptions were verified by examining the residuals as described in Bates and Watts 40 .
RESULTS AND DISCUSSION

Essential oil constituents
Around 70 different compounds were identified in the hop essential oil fractions Supplemental Table 1 , list of compounds with their concentration ranges . Overall, the results of this study showed that the hop essential oil compound mixtures eluted sequentially and captured at the timeframes of this study had differential profile and consequent differential bioactivity. Essential oil yield was significantly affected by and varied greatly across the nine DTs Table 1 . The mean essential oil yield calculated as oil content ranged from 0.035 to 0.313 for the different fractions, while the overall yield of the control was 1. 47 the DT interval of the control was from 0 to 240 min . These results correspond well with literature data on the range of total oil for the aroma hops Santiam of 1 to 1.5 41 .
According to Almaguer et al. 42 the average essential oil content in dry hops varies between 0.5 and 3 . Most of the oil was eluted during the first hour of the distillation. The cumulative oil sampled up to 60 min was 1.058 g 29 in an experiment conducted to investigate sequential elution of hop components found that albeit the different extraction method used in their experiment, over 78 of the essential oil was extracted during the first 30 min. In this study, the oil eluted during the second hour of the distillation 60-120 min was 0.122 g, representing only 9.6 of the total oil. The oil eluted during the first half of the distillation amounted to 92.8 of the total oil, while the cumulative oil sampled during the second half of the distillation 120-240 min was 0.092 g/100 g cones, representing only 7.2 of the total oil Table 1 . Steam distillation time DT had significant effect at least one of them is significantly different on the concentration of the essential oil constituents Tables 1 and 2 . We performed statistical analysis of essential oil constituents whose concentration was above 1 of the total oil; constituents with lower than 1 concentration of the total oil were not analyzed. The concentrations of myrcene and linalool were highest in the oil from the first sampling time 0-2 min and decreased consistently in subsequent DTs. Fractions 1 to 3 contained mainly myrcene, as well as various amounts of linalool, β-caryophyllene, β-copaene, α-bergamotene, β-farnesene, α-humulene, γ-muurolene, β-selinene, α-selinene, γ-cadinene, δ-cadinene, caryophyllene oxide, and humulene epoxide but no τ-cadinol or pentadecen-2-one. Fraction 4 contained equal amount of myrcene and α-humulene, and various amounts of the other constituents, including τ-cadinol or pentadecen- that myrcene content of the oil from hops distilled for 0.5 hours was 52 and decreased to 34 when hops were distilled for 3 hours. However, the latter authors used different distillation setup to extract the essential oil, the hop cones were macerated with tap water and then extracted from 0.5 to up to 3 hours with 0.5 h increments 31 . In this study, myrcene was 33 in the control oil, which is in accordance with reported average concentration of myrcene in hops essential oil 15 and Santiam hops in particular 41 .
An acyclic monoterpene, myrcene is responsible for the characteristic smell of fresh hops 42 . Linalool was present in the oil eluted during the first 4 collection times, in samples collected during up to 30 min from start of the distillation, and was not detected in the oil eluted after 30 min from start of distillation. Linalool is the most abundant terpene alcohol, a desirable flavor-active component that correlates well with the hoppy character of beer 42 . Linalool concentration of 1.2 in the essential oil from the 0-2 min interval was 3 times higher than the linalool concentration 0.4 in the oil from the 0-240 min interval control . Linalool concentration in Santiam hops essential oil ranges from 0.8 to 1.2 of total oil 43 . Concentrations of β-caryophyllene and α-bergamotene were low at the initial sampling times and increased subsequently, a pattern adequately described by the asymptotic regression model Fig.  2 . β-caryophyllene reached maximum in the oil eluted from 30 to 180 min 9.10-9.42 , then slightly decreased to 7.86 in the oil eluted at 180-240 min. β-caryophyllene is the second most abundant sesquiterpene in hops essential oil, with concentration range of 5 to 8 of total oil of Santiam hops 41 . Concentration of α-bergamotene gradually increased and reached the maximum of 1.44 in the fraction collected at 180 -240 min. The concentration of β-copaene in the oil collected during the first and last sampling times was low 0.237 and 0.267 , respectively with maximum concentration of 0.42 in the oil collected at 30-60 min. The concentration of β-farnesene was lowest at 7.5 in the oil eluted at 0-2 min, reached maximum in the oil eluted at 30-60 min and 60-120 min 19.66 and 18.07 , respectively , and gradually decreased to 11.08 in the oil eluted at 180-240 min. Farnesene concentration in essential oil from Santiam hops ranges from 8 to 14 of total oil 41 . An acyclic sesquiterpene, β-farnesene relates with good hop aroma in beer, is only found in certain varieties and is used as a marker for hop varieties identification 42 .
The concentration of α-humulene in the oil followed similar trend Fig. 2 as β-farnesene, although it reached maximum in the oil eluted during the 60-120 and 120-180 min intervals, 33.79 and 32.82 , respectively, while the α-humulene concentration in the control oil was 23 . Alpha-humulene is the most abundant sesquiterpene found in hop oil 42 . The humulene to caryophyllene ratio gradually increased from 2.8 to 3.8 from the 0-2 min interval to 180 -240 min interval, respectively, while the humulene to caryophyllene ratio of the control oil was 3.3. For this ratio, a value in excess of 3.0 is considered a desirable characteristic for an aroma hop 44 .
In general, the mean concentrations of γ-muurolene, β-selinene, α-selinene, γ-cadinene, δ-cadinene, caryophyllene oxide, humulene epoxide, τ-cadinol, and 6-pentadecen-2-one were the lowest at the first distillation time, Table 2 Mean concentration of γ-muurolene, β-selinene, α-selinene, γ-cadinene, δ-cadinene, caryophyllene oxide, humulene epoxide II, τ-cadinol, and 6-pentadecen-2-one in essential oil EO fractions eluted at the 8 distillation timeframes DT and control straight 240 min .
DT (min)
γ-Muurolene β-Selinene α-Selinene γ-Cadinene δ-Cadinene consistently increased in subsequent distillation times to reach maximum in the oil eluted at 180-240 min interval Table 2 . The consistent increase of the concentrations of γ-muurolene, β-selinene, α-selinene, γ-cadinene, and δ-cadinene as DT increases was well described by the Power nonlinear regression model Fig. 3 . Interestingly, τ-cadinol, and 6 -pentadecen-2-one were not detected in the oil eluted during the first three collection times 0-2, 2-5, and 5-10 min Table 2 . Yield of the different compounds was calculated from the essential oil yield content and the concentration of the given compound for every eluted fraction in a given DT.
In general, the cumulative yields of myrcene, linalool, β-caryophyllene, β-copaene, α-bergamotene, β-farnesene, α-humulene, and γ-muurolene after 240 min were lower than the control Table 3 . Most of myrcene 146 mg out of the total 405 mg/100 g wdc and linalool 2.8 mg out of the total 6.4 mg/100 g wdc were eluted during the 0-2 min collection time, and decreased exponentially after that Fig.  1 . β-caryophyllene 22 mg out of the total 85.3 mg/100 g wdc , β-copaene 1.1 mg out of the total 4.1 mg/100 g wdc , α-bergamotene 2.3 mg out of the total 9.9 mg/100 g wdc , β-farnesene 50 mg out of the total 174 mg/100 g wdc , α-humulene 75 mg out of the total 286 mg/100 g wdc , and γ-muurolene 4 mg out of the total 16 mg/100 g wdc were eluted later, at the 10-30 min collection time.
Myrcene had the highest yield of 487 mg/100 g wdc, followed by α-humulene at 339 mg/100 g wdc, β-farnesene at 217 mg/100 g wdc, β-caryophyllene at 102 mg/100 g wdc, γ-muurolene at 19.5 mg/100 g wdc, α-bergamotene at 11 mg/100 g wdc, linalool at 6 mg/100 g wdc, and β-copaene at 4.7 mg/100 g wdc. Cumulative yield of myrcene after 0-60 min 400 mg/100 g wdc represented 99 of the total yield after 0-240 min. Similarly, cumulative yields after 0-60 min of α-humulene 216 mg/100 g wdc , β-farnesene 109 mg/100 g wdc , and β-caryophyllene 66 mg/100 g wdc represented 76, 63, and 76 of the total yield after 0-240 min, respectively. Also, cumulative yields after 0-60 min of β-copaene 3.4 mg/100 g wdc , α-bergamotene 7.4 mg/100 g wdc , and γ-muurolene 12 mg/100 g wdc represented 83, 75, and 74 of the total yield after 0-240 min, respectively.
Generally, the yields of β-selinene, α-selinene, γ-cadinene, δ-cadinene, caryophyllene oxide, humulene epoxide, τ-cadinol, and 6-pentadecen-2-one were higher in the control than cumulative yields of these compounds from the sequential sampling Table 4 . Most of β-selinene 9.4 mg out of the total 36.6 mg/100 g wdc , α-selinene 11 mg out of the total 43 mg/100 g wdc , γ-cadinene 2.7 mg out of the total 11.1 mg/100 g wdc , and δ-cadinene 4.3 mg out of the total 17.5 mg/100 g wdc were eluted during 10-30 min collection time. The most amounts of caryophyllene oxide 2 mg out the total 10 mg/100 g wdc and humulene epoxide 5 mg out of the total 25.7 mg/100 g wdc were eluted during collection times of 10-30, 30-60, and 60-120 min intervals, and were statistically similar. Interestingly, the eluted amounts of τ-cadinol, and 6-pentadecen-2-one during each collection time ranged from 0.3 to 0.6 mg and from 0.6 to 1 mg, respectively, and were statistically similar.
Antimicrobial activity of the essential oils
The inhibition activity of the essential oil fractions eluted during the 9 time intervals were tested against 5 Grampositive and 5 Gram-negative microorganisms. However, the essential oil inhibition activity was statistically significant only against 5 of the 10 tested microorganisms Table  5 . The Gram-negative E. coli was strongly inhibited by oil Table 3 Mean yield mg per 100 g of whole dry cones of myrcene, linalool, β-caryophyllene, β-copaene, α-bergamotene, β-farnesene, α-humulene, and γ-muurolene in essential oil EO fractions eluted at the 8 distillation timeframes DT and control straight 240 min . eluted at 2-5 and 10-30 min intervals, and oil eluted at 0-2 min interval exhibited the second strongest inhibition against E. coli. The inhibition activity against E. coli of the essential oils eluted during the rest of the sampling time intervals, and the control, was statistically similar. The results of this study differ from a previous research 24 reporting that hop essential oil showed no activity against E. coli. The strongest inhibition activity against the Gramnegative Y. enterocolitica, and the Gram-positive C. perfringens, E. faecalis, and S. aureus subs. aureus was observed with the essential oil from the 4-h control distillation.
The means of the minimum inhibitory concentration MIC of the essential oils obtained in this study against 5 Gram-positive and 5 Gram-negative microorganisms determined by dilution method using Mueller Hinton broth are summarized in Table 6 . Chloramphenicol Oxoid, 10 μg and tetracycline Oxoid, 10 μg antibiotic discs were used as standards for positive control. The sensitivity of studied bacteria against chloramphenicol and tetracycline was given in Table 7 .
The lowest minimum inhibitory effect against the tested strain of E. coli was 42 μg/mL with the essential oil fraction collected at the 10-30 min interval Table 6 . The minimal Table 4 Mean yield mg per 100 g of whole dry cones β-selinene, α-selinene, γ-cadinene, δ-cadinene, caryophyllene oxide, humulene epoxide II, τ-cadinol, and 6-pentadecen-2-one in the essential oil EO fractions eluted at the 8 distillation timeframes DT and control straight 240 min .
DT ( inhibition concentration was 100 μg/mL against P. aeruginosa for the tested essential oils, and ranged from 33 to 100 μg/mL against S. enterica, from 58 to 100 μg/mL against Se. rubidaea, and from 50 to 100 μg/mL against Y. enterocolitica. Minimal inhibition concentrations against Gram-positive bacteria were lower than minimal inhibition concentrations against Gram-negative bacteria. The lowest inhibition effect against B. cereus of 3.1 μg/mL was observed with the essential oil of the control distillation 0-240 min . However, the inhibitory effect exhibited by the essential oil of the control was similar to the inhibitory effect exhibited by the essential oils collected at 0-2, 5-10, 10-30, 30-60, and 60-120 min intervals. Minimal inhibition concentration against C. perfringens ranged from 3.1 to 25 μg/mL, against E. faecalis from 3.1 to 50 μg/mL, from 3.1 to 70.8 μg/mL against S. pneumoniae, and from 1.6 to 50 μg/mL against S. aureus.
Our results were comparable with previous studies on the antimicrobial activity of hop compounds against S. aureus, Paennibacillus larvae and E. coli O157:H7 45 47 .
Jirovetz et al. 48 49 , who reported that the essential oils were inactive against Gram negative bacteria. The same author also discussed the use of hops in mouth washes. We calculated the correlations between the microorganisms and each of the reported essential oil components using the means at each fraction. The only significant correlations were between β-Copaene and E. faecalis r 0.759 , and between β-Farnesene and E. faecalis r 0.755 . One needs to keep in mind that the correlation coefficients represent only linear relationships. These correlations should be used with caution; specially designed experiment must be conducted in order to reveal such relationship. The pharmacological activity of essential oils. which are complex natural products, depends on their composition. The complex nature of these natural products and the interaction between different compounds make it difficult to elucidate the many interactions between individual compounds involved in the pharmacological activity. Very often there are synergistic interactions between various compounds, which may result in overall stronger bioactivity of the whole oil, as was observed in this study. However, in some instances EO fractions or individual compounds may have stronger activity, which may facili- 
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tate the development of new drugs based on single compound. Also, some industries are interested in EO with specific profile or with EO with unusually high concentration of given compounds. In these instances fractions offer a practical way for obtaining oils with differential targeted composition. For example, in this study, the concentration of myrcene in the EO fractions at 0-2 min timeframe was twice as high as the one in the whole oil, offering a possibility to provide oil with high myrcene composition. The essential oils obtained from this study were subjected to testing for activity against Trypanosoma brucei, a parasitic protozoan that causes African trypanosomiasis sleeping sickness in humans and nagana in other animals . Our results showed that the hop oils were considered active, the IC50 of the oil eluted during 0-2 min and 10-30 min intervals were 10.68 0.48 ug/mL and 7.93 2.29 ug/mL, respectively, while the IC90 of the oil eluted during 10-30 min interval was 14.67 6.94 ug/mL. This is the first study to describe significant activity of hop essential oil against T. brucei.
CONCLUSIONS
The overall essential oil yield content of the control was 1.47 . Most of the oil 83.2 was eluted during the first hour of the distillation, around 10 was eluted in the second hour of the distillation, and only 7.5 of the oil was eluted during the third and fourth hours of the distillation. However, hops essential oil constituents were eluted in dissimilar times resulting in significantly different profile of the essential oil fractions captured sequentially, and on the antimicrobial activity of these fractions. The inhibition activity of the essential oil fractions eluted during the 9 time intervals were tested against 5 Gram-positive and 5 Gramnegative microorganisms. The essential oil inhibition activity was statistically significant against 5 of the 10 tested microorganisms. The Gram-negative E. coli was strongly inhibited by oil eluted at 2-5 and 10-30 min intervals, and oil eluted at 0-2 min interval exhibited the second strongest inhibition against E. coli. The strongest inhibition activity against the Gram-negative Y. enterocolitica, and the Gram-positive C. perfringens, E. faecalis, and S. aureus subs. aureus was achieved with the essential oil from the control the 4-h distillation . Minimal inhibition concentrations against Gram-positive bacteria were lower than minimal inhibition concentrations against Gram-negative bacteria. Significant antimicrobial activity was confirmed against the Gram positive S. aureus, especially with the essential oil from the control and the fraction captured at 0-2 min DT. This is the first study to describe significant activity of hops essential oils against Trypanosoma brucei, a parasitic protozoan that causes African trypanosomiasis sleeping sickness in humans and nagana in other animals . Hops essential oil fractions or whole oil may be used as antimicrobial agents or for the development of new drugs.
